Introduction
The United States has been raising the age for receipt of full retirement benefits within the Social Security system as an offset to increased life expectancy. The later retirement age is seen as an important means of stabilizing the long-term costs of the Old Age, Survivors, and Disability Insurance (OASDI) program. If the retirement age were increased in proportion to life expectancy, the average length of retirement would be a constant share of the average work life; and, absent other trends, the current system's finances would be largely sustainable over future decades.
1 However, research on trends in mortality has established a strong relationship between individuals' life expectancy and various measures of socioeconomic status, including income;
and recent studies conclude that life expectancy is rising more rapidly for individuals in the upper portions of the earnings distribution. If gains in expected life spans are increasingly concentrated among the well-to-do, it seems unfair to ask the less affluent to bear the main burden of an aging society.
The objective of this study is to investigate the magnitude of the increase in differential mortality and its impact on the progressivity of the retirement system. Several studies have incorporated differential mortality in constructed measures of lifetime contributions and benefits;
and they frequently conclude that mortality differences are sufficient to offset large portions of the progressivity that was originally built into the Social Security system. However, most of those studies were limited to the retirement portion of the OASDI program. Less account has been taken of disability and survivor benefits. As highlighted by a recent Congressional Budget
Office (2006) report, most of the lifetime progressivity flows from the disability and survivor portions of the program. In contrast to the other studies, it also argues that the basic retirement program remains progressive after allowing for differing patterns of mortality.
Our analysis is focused on participants in the Health and Retirement Study (HRS), which offers several advantages for evaluating the importance of differential mortality. It includes a large sample of persons who were either retired or close to retirement and who have been followed through biennial interviews over the past 20 years; there is a large volume of information on their socioeconomic characteristics, and we have access to Social Security records on earnings and benefits for about two-thirds of the sample. Furthermore, about one-third of the participants have died. Thus, the study provides a relatively large and rich data set that we can use to explore the magnitude of differential mortality and its influence on the distribution of Social Security benefits.
Literature Review
Research on disparities in mortality by socioeconomic status (SES) was greatly stimulated by the 1975 study of Kitagawa and Hauser, who analyzed a large sample of death records from 1960 that were matched with individual records from the long form of the census of the same year. The strength of their study was the extensive information on socioeconomic characteristics -including income, education, sex, race, family status, and occupation -available from the census. It provided a basis for future studies to focus more on changes in the mortality differentials over time. There are few studies, however, that have had access to detailed mortality data combined with the type of comprehensive measures of socioeconomic status available from the census. One exception is a study by Pappas and others (1993) that replicated and updated the Kitagawa and Hauser analysis and reported that the disparities in mortality increased between 1960 and 1986, using both annual income and education as indicators of SES and a sample of 13,500 deaths.
Due to the difficulties of combining mortality data with indicators of SES, there are two main strands of U.S. research on trends in differential mortality. The first focuses on income as the primary measure of SES and relies on U.S. Social Security records to provide a measure of lifetime earnings and date of death. The second emphasizes the use of educational attainment as the SES indicator and draws on the national mortality database of the National Vital Statistics System and the U.S. Census. After a 1989 reform, U.S. death notices typically include information on educational attainment.
There are concerns with both data sources. The use of a single year's income from census records or similar source has been criticized because it includes a large transitory component.
The multi-year measures of income from Social Security records would seem to overcome that objection, but substantial numbers of workers were excluded from the Social Security system in its early years. In addition, the low ceiling on taxable earnings limits the usefulness of the records prior to the 1980s; and a large proportion of married women were not in the workforce or only worked part-time, hence they have incomplete earnings records that are not representative of their SES. In addition, access to the records is severely restricted because of privacy concerns.
Information on educational attainment is available for persons not in the labor force, and it is less influenced by health conditions that develop in middle age. It can, however, reflect significant measurement error (Boies, Rostron, and Arias, 2010) . Furthermore, it is relative income, not education, that is the more direct target of policy concern.
Both methodologies report increasing differences in mortality across income classes and levels of educational attainment. In her survey of the empirical literature, Hilary Waldron (2007) argues that mortality differences by SES in the United States were generally narrowing in the first half to the 20 th century, but they have been widening since the 1960s. Roughly similar patterns have been found for Europe, but Canada has been an exception in reporting a continuing narrowing of the differential. A similar study using the same basic data source was undertaken by Duggan, Gillingham and Greenlees (2007) . They applied slightly different selection criteria than Waldron by explicitly excluding the disabled and limiting the sample to retired workers with birth years 2 . Vallin and others (2001) and Wilkins and others (2002 The most recent studies have been confirming an increase in the mortality differential. Meara, Richards, and Cutler (2008) examined mortality patterns from the Multiple Cause of Death data file (1990 and 2000) and the National Longitudinal Mortality Study (1981-88 and 1991-98) . They restricted their analysis to non-Hispanic blacks and whites. They found that the increase in life expectancy at age 25 in both surveys was largely limited to those at the top of the educational distribution and that it was larger for men than women. Mortality differentials have declined across both the sexes and races.
Olshabsky and others (2012) increased from 3 years in 1980 to 4.5 in 2000, and at age 65 it rose from 0.4 years to 1.9 years.
For women, the differential increased from 0.8 to 2.8 years at age 25, and from 0 to 1.5 years at age 65. However, major migration and demographic changes mean that area-level analyses may distort the full extent of health disparities at the individual level.
Implications for the Progressivity of Social Security. There have been by now a substantial number of studies of the distributional aspects of OASDI and the influence of differential mortality, and the major issues have been identified and generally agreed on. First, the basic benefit formula of the retirement program is highly progressive with respect to point-in-time benefits, but some of the progressivity is offset on a lifetime basis by the longer expected lifetimes of high-income recipients. 4 Second, the conclusions are also strongly influenced by whether disability and survivor benefits (both of which are very progressive) are included.
Finally, the results vary depending on whether the progressivity is evaluated on an individual or couple basis because of the role of the spousal benefit and its interactions with the spouse's own retired-worker benefit (Smith and others, 2003 and Gustman and Steinmeier, 2001 ).
The Congressional Budget Office (2006) used its long-term micro-simulation model to evaluate the progressivity of the overall Social Security program (including retired workers, disabled workers, and their dependents and survivors) and concluded that the system was progressive in terms of the ratio of lifetime benefits to lifetime contributions. The CBO measure was based on the income and benefits of individuals, and took account of the option to receive a spousal benefit, but it did not treat married couples as a single entity. The largest portion of the progressivity was the result of the disability and survivor programs. A similar analysis was undertaken by Steuerle, Carraso, and Cohen (2004) shown for the retired-worker program. Harris and Sabelhaus (2005) used the CBO simulation model (discussed above) to evaluate the role of differential mortality in more detail. Starting from the projections of the Social Security Trustees as a baseline, they simulated a range of alternative assumptions about relative mortality rates. Surprisingly, they concluded that differential mortality had only a small impact on the progressivity of the overall system.
Differential Mortality in the HRS
In our analysis, we begin with the first five cohort samples of the HRS, which are summarized in Table 1 Mortality Risks. Some simple measures of relative mortality (the annual mortality rate for a specific characteristic divided by the mortality rate for the overall group) are shown in Table 2 . 7 While the surveys are conducted on a biennial basis, the information on deaths is available annually. Thus, the count of observations is very large and equal to the number of persons in the sample times the number of years that they participate prior to death. We controlled separately for gender and those ages 50-74 and ages 75 and over. Race is a distinguishing characteristic only for blacks under age 75. Mortality differs substantially by education with mortality rates of the college-educated less than half of those with less than a high school degree. Differences by quintiles of career earnings are equally marked, but a concept of household (or couple) earnings is a much more powerful discriminator than individual earnings for women. That probably reflects the intermittent work history of women in the mid-1900s, which makes earnings a poor indicator of their socioeconomic status. We defined household earnings for individuals with a spouse as the sum of the two individual career earnings divided by the square root of two.
Surprisingly, the mortality rate of men over age 75 is not a smoothly declining monotonic function of income. However, the sample size is smaller for that group.
In a more formal analysis, we estimated a proportional hazard model of mortality risk that took the form:
where X is a vector of potential determinants of mortality risk. Among the variables we included were age and age-squared, career income (both individual and household), educational attainment, and race. We also experimented with a measure of health status as reported in the assumption that earnings were constant throughout the year. In our sample, 50 percent had nonzero earnings in all 10 years and 14 percent were zero in all of the ten-year period. 6 The lack of an earnings record is particularly common for the Aging and Health Dynamics (AHEAD) cohort of those born before 1924; yet, they account for a large number of the deaths to date. See table 1. 7 A similar presentation is shown in Cristia(2009). prior wave as well as with whether the respondent had received disability in past waves of the survey. Both health and disability are extremely strong predictors of mortality, but we ultimately excluded them on the basis that they masked the underlying relationship with the SES indicators.
Given our desire to measure changes in the degree of differential mortality, we also included the birth year to identify cohort effects.
The basic regression results for respondents with earnings records are reported in Table 3 .
Since we had deaths on an annual basis, the estimation interval extends from 1994 to 2009, years for which the death data seemed reasonably complete. The first panel reports the mortality rate as a log-linear function of age, household career earnings, educational attainment (college), race and birth year. It is important to remember that the sample is limited to individuals age 50 and above. The education measure is collapsed to more or less than a college degree, and black was the only significant racial indicator. 8 Most noteworthy is the finding that both career earnings and education are highly significant correlates of mortality. Mortality is lower for those with a college degree and it is a declining function of career earnings. Blacks have a substantially higher mortality rate than other races. Birth year was included to measure cohort effectsseparate from age -and it implies that mortality is falling for later cohorts of men, but it is insignificant for women. We find no evidence of nonlinearity in the influence of age.
In the second and third panels, we include an interaction term of the birth year times the SES indicator as a measure of changing differential mortality. However, the use of two measures of SES plus an interaction term for each leads to a high degree of co-linearity. Thus, the interaction is limited to the birth year and career earnings in the second panel and the birth year and education in the third panel. In both cases, the interaction is negative and statistically significant, implying a widening of differentials by SES, and the interaction is more pronounced for women than men.
To extend the analysis beyond those with an earnings record to the full sample, we estimated a relationship for career earnings as shown in values using the CPI-W. Thus, absent changes in classification (disabled, retiree, spousal or survivor beneficiaries), we expect the benefit number to be relatively constant over time.
The administrative and self-reported measures of benefits are compared by averaging the non-zero values of each across the available survey waves. We have 11,981 individuals with benefit estimates from the two sources. The simple correlation rate between the two series is 0.83, the mean value of the self-reported values is 6 percent higher than the mean of the SSA measure of benefits and the variances differ by less than 3 percent. 10 We interpret this as evidence that the self-reported values are reasonably accurate estimates of the actual benefit.
In the analysis, we utilize two different measures of benefits. The first is the selfreported individual benefit discussed above, and the second incorporates an adjustment for those individuals with a spouse: the two benefits, as with earnings, are summed and divided by the square root of 2. Both measures of benefits were first computed for each of the 10 waves, and the non-zero values are averaged over the waves in which they were reported. 11 As we shall show, the two benefits are similar in amount and distribution for men, but the household- 9 We have a benefit value only for those retirees whose SSA record has been updated since their retirement. 10 Many of the largest differences between the two benefit series appears to occur in the first year in which the respondent receives benefits. In addition, many of the SSA records are not up to date, limiting the number of crosswave values. Finally, we made no effort to adjust for benefit changes that could be attributed to changes among the categories of disabled, retired, spousal or survivor. 11 We assume that the cross-wave variation in the real value of the benefit is due to measurement error. equivalized benefits are significantly higher and more widely distributed for women. We also believe that the equivalized measure is a more accurate reflection of the individual's economic condition over their retirement years.
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We use the mortality equations in Table 5 to compute the probability of survival (S x) for each individual over the age range of 55 to 100 as
where D x is the expected conditional death rate at each age. Lifetime benefits are the sum of the probability of survival at a given age times the individual's fixed benefit over the interval of ages 55-100. 13 As with the mortality equations, the analysis differentiates between men and women.
At this stage we have not incorporated any discounting of future benefits in order to focus on the role of differences in expected mortality. The distributions of point-in-time and lifetime benefits are constructed by ranking each individual by decile of their career earnings. We computed the distribution on the basis of both individual and equivalized career earnings, but report only those based on the equivalized measure.
The basic results are reported in Table 6 and summarized in Figure 1 . The distributional aspects are highlighted by showing career earnings, point-in-time benefits, and lifetime benefits in each earnings decile as a percentage of their own mean value. Thus, at the top of Table 6 , male career earnings rise from 52 percent of the mean in the lowest decile to 148 percent in the top decile. There is a considerable compression of annual benefits, and the decile averages range from 78 percent of the mean in the lowest decile to 112 percent at the top. Sorting by equivalized career earning rather than benefits would, of course, narrows the range of the distribution. If we sort by benefits, the decile averages (not shown) for male benefits range from 33 percent in the lowest quintile to 174 percent at the top.
We also report their life expectancy at age 55 and the number of years they can expect to receive benefits. There is a substantial difference of life expectancy for men, ranging from 24 years in the lowest earnings decile to 34 years at the top -a difference of 10 years. The distribution of benefit years is narrower, because individuals in the lower cohorts begin to receive benefits at younger ages. The differences in life expectancy widen the distribution of lifetime benefits relative to annual benefits, and it is about halfway between that of career earnings and benefits. The proportion of benefits going to the first decile is reduced by 17 percent and the proportion at the top is increased by a similar amount. The patterns of change in the distributions are more evident in the top panel of Figure 1 . Benefits are still more uniformly distributed on a lifetime basis than career earnings, but the differential mortality does offset a large portion of the progressivity of the point-in-time benefit formula.
In our sample, women have a much larger variation than men in career earnings, even though we are using the adjusted measure where the spouse's earning are included for couples.
However, the distribution of benefits is similar to that of men. There is also a narrower range of life expectancy across the earnings distribution, a difference of five years compared to ten for men, and the difference are even less in terms of benefit years. This is the result of a smaller degree of differential mortality for women. As with men, the distribution of benefits is wider for lifetime benefits than for annual benefits, but the magnitude of change is smaller. This is evident in the lower panel of Figure 1 , where the distribution of lifetime benefits for women more closely parallels annual benefits than career earnings.
14 The lower panel of Table 6 reports comparable distributions using individual-based benefits. The results for men are very similar to those based on equivalized earnings, though the level and distribution of benefits is slightly larger. The implications of the alternative perspective are more substantial for women since the average benefit is reduced by about 20 percent. The distribution is also more compressed, because women in the lower portions of the earnings distribution gain from the frequent receipt of a spousal or survivor benefit for a higherearning husband. In the top quintile, very few women qualify for a comparably high benefit.
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We can highlight the role of changing mortality, by re-computing the probability of survival under two extreme assumptions that individuals are born in either 1920 or 1940. We performed the calculation using the mortality equations shown in Table 5 , where changes in differential mortality are measured first by the interaction of career earnings and birth year, and then using the interaction of educational attainment and birth year. 16 Thus, the distribution of career earnings and annual benefits remain unaffected, but life expectancy and lifetime benefits change for those born in 1940 relative to those with a birth year of 1920. The distributions of lifetime benefits and benefit years by deciles of career earnings are reported separately for men and women in Table 7 . To highlight the changes by birth year, we show the values for both the 1920 and 1940 birth cohorts as a percent of the mean benefit in 1920. The top panel uses the mortality equation based on the interaction of career earnings and birth year from the middle of Table 5 , and the lower panel uses the mortality equation with the interaction of educational attainment and birth year.
For men, the number of benefit years is projected to rise from 18.5 to 22.4 years between the 1920 and 1940 birth cohorts. That translates into a 21.5 percent increase in the average lifetime benefit, but the distribution is much skewed because the number of benefit years rises by only 1.6 years in the lowest decile and by 5.7 years in the 10 th decile. 17 The influence of this increase in differential mortality is more evident in the top panel of Figure 2 , which shows the widening gap in lifetime benefits between the two birth cohorts at higher deciles of the earnings distribution.
For women, life expectancy is rising by much smaller amounts than for men, although the level remains higher. The average increase in benefit years is only 0.6 years, and it is expected to decline for the lowest four quintiles of the earnings distribution (table 7) . As a result the mortality analysis for women indicates very large changes in differential mortality. Thus, there is a large rotation of the distribution of lifetime benefits for women. The average benefit increases by only 3 percent, but the gain is 24 percent in the 10 th quintile and a loss of 10 percent in the 1 st .
The estimates of differential mortality and their effects on the benefit distribution are reported in the lower panel of Table 7 using educational attainment as the basic SES measure.
For men, the average increases in life expectancy and lifetime benefits are very similar to those using career earnings, but there is less evidence of any increase in differential mortality. The results for women actually indicate a reduction in the average life expectancy and show no 16 In effect, all of the right-hand side variables other than birth year remain unchanged across the two birth cohorts. 17 The magnitude of increase in life expectancy for the 10 th compared to the 1 st decile seems quite comparable to the results reported in Waldron (2007) . She estimated the increase in life expectancy at age 65 between the top and bottom half of the career earnings distribution of men for the 1912 and 1940 birth cohorts as 5 and 1.3 years respectively.
indication of any increase in differential mortality. The difference in the results based on career earnings and educational attainment are surprising. To some extent, they reflect the fact that career earnings had a stronger and more consistent influence in the mortality equations of Table   5 , and we did use a very simplified categorical variable for educational attainment -achievement of a college degree -because distinguishing among lower levels of education appeared to have no significant effect. However, the measure of educational attainment has the advantage of not requiring any imputation as with career earnings.
Conclusion
Our analysis of the mortality experience of participants in the HRS shows a strong pattern of increasing differential mortality in which life expectancy is rising for those at the top of the distribution of individuals ranked by alternative measures of socioeconomic status, but it is stagnate or declining for those at the bottom. The overall gains are most pronounced for men, for whom we compute a five-year average gain in life expectancy at age 55 between the 1920 and 1940 birth cohorts. The contrasting gain for women is less than one year. Differential mortality increases for both, however. For men, the gains are about two years for individuals in the 1 st decile of career earnings and six years for those at the top of the distribution. In contrast, life expectancy is declining for women in the lower deciles and rising by about two to three years for those at the top of the distribution.
These changes in mortality have significant effects on the distribution of lifetime social security benefits. For men, the differences in mortality offset about half of the progressivity in benefits elative to lifetime earnings. The implications are smaller for women, because they exhibit less of a change in life expectancy across the distribution of career earnings. Furthermore, while the increase in average life expectancy and the number of benefit years does raise the cost of the system as a whole, the current policy of raising the retirement age for everyone seems unfair to lower-income workers whose life expectancy may be constant or falling. 1924 1924-1930 1931-1941 1942-1947 1948-1953 
